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INTRODUCTION 
A recent concern in the management of northern red oak (Quercus 
rubra L.) is the difficulty in regenerating new stands to replace those that are 
harvested (Holt and Fisher 1979, Johnson et al. 1984, Crowe 1988,and Lorimer 
1989). The difficulty in regenerating red oak stands is the fact that many of the 
oak forests in parts of Eastern and Central United States have developed dense 
understories of shade tolerant species (Schlesinger 1976, Ehrenfeld 1980, and 
Coder 1985). Thus, as red oak stands are harvested, they gradually convert to 
sugar maple (Acer saccharum Marsh.), American basswood (Tilia americana 
L.), American elm (Ulmus americana L.), and white ash (Fraxinus 
americana L.) because there is little or no advanced red oak reproduction 
(Sander, 1977). 
If no artificial regeneration is used, the percentage of red oak in the 
succeeding rotation is directly related to the amount of red oak reproduction 
present before final harvesting takes place. While stump sprouts can be 
anticipated, oak's ability to sprout decreases with age. Only 30% of northern 
red oak stumps are expected to sprout after they reach 43 cm in diameter 
(Sander, 1977). Therefore, seedlings must be established in order to regenerate 
the new stand, since sprouts can not be depended on. This reproduction must 
be established over a period of time, either by natural or artificial regeneration, 
before the mature overs tory trees are harvested (Carvell, 1979). 
Sander, et al. (1984) demonstrated in the Missouri Ozarks that red oak 
seedlings must be at least 1.5 m in height or 2.5 cm in ground-line diameter to 
have the potential for reaching dominance in a new stand. Therefore, to 
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successfully establish an adequate red oak component in a future stand, the 
advance northern red oak regeneration must be at least 1.5 m in height or 2.5 
cm in ground-line diameter at the time of overstory removal. It may take 10 to 
20 years before an adequate amount of oak regeneration reaches the minimum 
height of 1.5 m or minimum diameter at ground-line of 2.5 cm before the 
overs tory can be removed (Sander, 1977). Such sluggish growth in red oak 
seedlings, which allows them to be overtopped by the competition at an early 
age, appears to be the primary reason for red oak regeneration failures 
(Johnson and Jacobs 1988, Kolb and Steiner 1989, and Lorimer 1989). 
Northern red oak seedlings have the ability to grow rapidly due to their 
ability to have multiple flushes under optimal conditions, but when stressed, 
as is typical in the field, red oak tends to have conservative shoot growth and 
concentrates more on root growth (Kolb and Steiner, 1990). When red oak has 
a flush, it involves four distinct growth phases. The growth phases are lag 
phase (leaves fully expanded), bud phase (bud swell), stem linear phase (linear 
stem growth), and leaf linear phase (linear leaf growth). The lag phase is 
when root growth is occurring (Dickson, 1991). 
Research, conducted by Sander, in the 1960's and 1970's developed the 
guidelines for establishing red oak regeneration. These guidelines state that 
1,200 - 1,500 red oak seedlings/hectare at 1.5 m in height are needed to establish 
a pole stand containing 30% oak (Lorimer, 1989). It has become apparent that 
very few stands located on average or good sites could even come close to 
Sander's guidelines for red oak regeneration (Lorimer, 1989). 
Current research is focusing on finding ways to successfully establish 
red oak regeneration, either by stimulating the development of vigorous, 
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natural oak seedlings or on finding successful means of artificial oak 
regeneration. Researchers are focusing on planting improved nursery stock, 
using tree shelters, herbicide control of competition, removal of understory 
and overs tory vegetation, and combinations of these methods to successfully 
establish red oak regeneration. 
Current Research 
Improved nursery stock 
Schultz and Thompson (1991) have focused on developing quality oak 
seedlings for successful artificial regeneration in the Central States. Much of 
their research has focused on nursery practices and plantation establishment. 
Schultz and Thompson have demonstrated that undercut seedlings tend to 
have larger numbers of permanent first-order lateral roots and are smaller in 
height and in diameter then their non-cut counterparts. The larger number of 
permanent first-order lateral roots, smaller height, and smaller diameter 
produce a better balanced undercut seedling that is capable of faster growth 
and better survival. Schultz and Thompson have demonstrated that red oak 
seedlings with 6 or more permanent first-order lateral roots greater than 1 
mm in diameter will perform best in growth and survival when outplanted. 
Tree shelters 
British foresters in the 1980's began utilizing translucent plastic tubular 
tree shelters to protect outplanted seedlings from browse. After several years 
of observation, foresters found sheltered seedlings exhibited greater growth 
then non-sheltered seedlings. A reduction in damage due to deer browse was 
considered to be a contributing factor but, it was also theorized that the shelters 
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provided enhanced growing conditions, similar to those found in the green 
house (Potter 1991). 
The British findings has prompted further research on the application 
and effects of tree shelters in the United States. Minter et ai. (1992) has studied 
the effect of tree shelters on northern red oak seedlings planted in harvested 
forest openings in southern Indiana. Minter et ai. concludes that tree shelters 
promote increased height growth by increasing relative humidity, reducing 
plant transpiration losses, and increasing levels of C02. This height growth 
may come at the expense of caliper growth. Since establishment of successful 
red oak regeneration is largely based on height growth criterion, the caliper 
growth response is not, in itself, a disadvantage (Minter et aI., 1992). 
Clearcutting 
Johnson et ai. (1989) has shown that clearcutting with herbicide control 
of competition may be the key to regenerating northern red oak in 
southwestern Wisconsin. Johnson et ai. (1989) reported a case in southwest 
Wisconsin in which the understory of a mature stand was treated with 2,4,5-T 
in the two years prior to clearcutting. The second herbicide treatment 
coincided with a good acorn crop. By age 11, red oak accounted for about 112 
the trees/ha and about 1/3 the basal area. The average stand diameter was 3.6 
cm at diameter breast height (dbh), with an average red oak diameter of 3 cm 
at dbh. 
Based on the results of the clearcut Johnson et ai. (1989) challenges two 
widely accepted tenets of oak management: (1) that advanced oak reproduction 
must be present before final harvest and (2) that oak reproduction requires a 
long development period. 
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Johnson et al. success with clearcutting and natural regeneration is not 
always consistent. Loftis (1985) reported that a preherbicide clearcutting case 
in the southern Appalachian region failed. Ten years after the preherbicide 
clearcut only 18 red oak trees/ha were present compared to 165 yellow poplar 
trees/ha and 155 trees/ha of other species. 
High predation of acorns by rodents (Marquis et al. 1976) has made 
forest managers wary of direct seeding. Past trials by Johnson (1981) of direct 
seeding of nuttall oak (Quercus nuttallii Palmer) in the Mississippi delta have 
been successful. Rodents removed nearly all the acorns seeded in an 
undisturbed forest within a week, and about 75% of the acorns in openings less 
than 0.04 ha, but barely disturbed any of the acorns sown in 1.2 ha clearcuts. 
Although the clearcuts were not raked or disked, the sites had been cleared of 
small trees and were essentially free of vegetation. Ten years after" direct 
seeding 33% of the nuttall oak were free-to-grow and 18% were considered 
intermediate in size. The average height after ten years was 4.2 m tall and the 
average dbh was 3 cm. Johnson (1981) recommends planting seed at about 2.54 
cm in depth in openings greater than 0.04 ha to be successful. 
Results with planting red oak seedlings in clearcuts have been 
inconsistent. Johnson (1976) found very low success rates of interplanted 
northern red oak seedlings. Mter eight years, only 6-25% of the northern red 
oaks interplanted were successful at reaching a given relative height. The 
relative height is the average height (adjusted for site) of northern red oak 
stump sprouts at age eight. 
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Shelterwood treatments 
Johnson et al. (1989) has reported on two successful cases of northern 
red oak regeneration. The two case involved a shelterwood system. The first 
shelterwood case consisted of three shelterwood cuts; all three cuts were made 
from below. The three shelterwood cuts (stand age 84, 94 and 100) reduced the 
basal area from 28.2 sq m/ha to 23.8 sq m/ha. Eleven years after the mature 
overstory was removed, red oak accounted for about 1/3 of the trees/ha and 
about 114 of the basal area. The average stand diameter at breast height was 
5.3 cm, with an average red oak diameter at breast height of 4.6 cm. 
The second shelterwood case involved an initial cut at stand age 91; 
basal area was reduced from 22 sq m/ha to 14.5 sq m/ha by thinning from 
below. Seventeen years after the mature overstory was removed, red oak 
accounted for more then 1/2 of the trees/ha and more then 112 of the basal area. 
The average stand diameter at breast height was 9.4 cm, with an average red 
oak diameter at breast height of 9.1 cm. 
Teclaw and Isebrands focused on developing adequate prescriptions for 
establishing artificial red oak regeneration in the Lake States. The results, 
which Teclaw and Isebrands believe are premature, suggest that planting 
quality nursery stock, overstory reduction, and control of competing vegetation 
is needed to establish artificial red oak regeneration. Teclaw and Isebrands 
(1991) have shown that artificial red oak seedlings performed best in height 
growth when planted under 50% crown closure and the competing vegetation 
was controlled. 
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STUDY OBJECTIVE 
The objective of this study is to evaluate the first year survival and 
growth of northern red oak seedlings in south central Iowa using several 
methods of regenerating oak. These include removing all non-oak species 
from upland hardwood stands, and either: a) underplanting red oak seed, b) 
underplanting unprotected or tree shelter protected, 1-0, red oak seedlings that 
were undercut or were not undercut as seedlings in the nursery, or c) allowing 
natural regeneration to produce the next generation of trees. 
Hypotheses 
This study will test the following hypotheses; 
1. The successful germination percentage of red oak seed collected from 
Luther and Ames, Iowa, stored at approximately 2°C, and used for 
direct seeding in the field will be equal to or greater than the successful 
germination percentage in the greenhouse. 
2. Planting acorns by hand results in a higher germination percentage in the 
field than scattering seed and discing or using the Forester tree planter to 
plant seed. 
3. The average height of natural and underplanted northern red oak seedlings 
from acorns established during the first growing season will be greater 
than the height of competing vegetation. 
4. Height growth and survival of underplanted, 1-0 northern red oak seedlings 
are increased by using tree shelters. 
.. 
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5. Increased survival and height growth of underplanted, 1-0 red oak nursery 
stock is positively correlated with increased numbers of permanent, first-
order, lateral roots greater than 1 mm in diameter. 
6. Herbicide application reduces the amount of vegetation competing with 
northern red oak regeneration. 
7. The average height of underplanted 1-0 northern red oak seedlings 
established during the first growing season will be less than the height of 
competing vegetation . 
8. Site scarification increases the number of competing seedlingslhectare. 
9. Removing non-oak 2.5 cm and greater in diameter at breast height opens 
stands enough to promote growth and development of natural or 
underplanted northern red oak. 
9 
STUDY AREA 
The study is located in Lucas County in south central Iowa. The study 
was conducted in two upland, mixed, hardwood stands of 2.3 hectares each. 
The stands are located on the McNay Research Fann and the Lucas Unit of the 
Stephens State Forest. 
Lucas County's normal average temperature is 10.3°C; ranging from an 
average high temperature of 36°C to an average low temperature of -24°C. The 
normal seasonal cooling celsius degree days (base = 18.3°C) for Lucas County 
is 498.3 celsius degree days. The normal monthly amount of precipitation for 
an average year and the monthly amount of precipitation for the 
establishment year (1991) in Lucas County are presented in Table 1. The 
normal amount of annual precipitation is 88.42 cm; annual precipitation for 
the establishment year was 90.73 cm (NOAA, 1991). Though the annual 
precipitation for the establishment year was above normal, the growing season 
period from June to September was below average. 
An initial inventory was conducted in order to characterize the sites. 
The initial inventory consisted of 20 prism plots and 20 mil-acre plots (4.05 m2); 
nine plots of each type were taken on McNay and 11 plots of each type were 
taken on Stephens. The data collected, for oak and non-oak, from the prism 
plots included total basal area, species, diameter at breast height, and total 
height for each tree. The data collected in the mil-acre plots were crown 
closure and total number of seedlings by species. 
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Table 1. Normal and establishment year (1991) monthly and total amount of 
precipitation for Lucas county, Iowa 
Month Normal 1991 Month Normal 1991 
(cm) (cm) (cm) (cm) 
January 2.67 2.01 July 9.75 5.99 
. February 2.82 0.53 August 10.18 5.84 
March 6.25 10.26 September 11.28 3.23 
April 9.25 22.20 October 6.58 9.60 
May 10.06 10.24 November 4.42 10.08 
June 12.29 6.63 December 2.87 3.78 
Total 88.42 90.73 
McNay Site 
Based on the initial inventory, the site index (base age = 50) for McNay 
was 20 m (s = 6) ("s" = standard deviation) with an average stocking level of 21.5 
sq. m./hectare (s = 3). Based on Gingrich (1971), the stand was 100% stocked. 
After cutting all non-oak trees greater than 2.54 cm at dbh, the average 
stocking level was 14.1 sq. m./hectare (s = 2.3) and the stocking level was 
reduced to 48%. 
The McNay stand has a past history of grazing which was abandoned 
approximately 15-20 years ago. Before cutting, the McNay stand had 1,565 
trees per hectare (Sy = standard error of the mean = 395) with an average dbh 
of 9.4 cm (range from 5 cm to 81 cm). The McNay site was regenerating to: elm 
(1,726 seedlings fha, Sy = 321), white oak (549 seedlings/ha, Sy = 124), ironwood 
(314 seedlings/ha, Sy = 74), and northern red oak, hackberry, and prickly ash 
(235 seedlings/ha, Sy = 50). After cutting all non-oak greater than 2.54 cm, the 
stand had 95 trees per hectare (Sy = 8.6) with an average dbh of 43.4 cm (range 
from 15.2 cm to 81 cm). Table 2 lists the major tree species at McNay, before 
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and after cutting all non-oak trees 2.54 cm and greater dbh, by average number 
of trees/hectare, average basal area, average dbh, and percent composition. 
Figure 1 presents a distribution of average number of trees/ha by 5 cm 
diameter class for oak trees left on McNay and non-oak trees that were 
removed from McNay. Figure 2 presents a distribution of average basal area 
(sq. m/ha) by 5 cm diameter class for oak trees left on McNay and non-oak trees 
that were removed from McNay. 
Table 3 presents soil types, estimated percentage of the stand occupied by 
each soil type, soil characteristics, and management concern for McNay. The 
soil information presented is based on an interim report of the soil survey that 
is in the process of being completed for Lucas county, Iowa (Fenton, 1992). The 
last published soil survey for Lucas county, Iowa, was in 1960. 
Table 2. Major tree species, before and after cutting all non-oak 2.54 cm and 
greater in diameter at breast height (dbh), located at McNay by 
average number of trees/ha, average basal area (sq m1ha), average 
dbh (cm), and percent composition 
Before Cutting. After Cutting. 
Speciesa dbh Trees/ha BA % Comp dbh Trees/ha BA % Comp 
Elm 8 484 2.3 ro 
Ironwood 5 378 0.8 24 
Hackberry 5 252 0.5 16 
Hickory 7 189 0.8 12 
Honey Locust 16 101 2.0 7 
White Oak 46 81 13.8 5 46 81 13.8 87 
Osage Orange 10 63 0.5 4 
Red Oak 15 14 0.3 1 15 14 0.3 13 
Walnut 46 3 0.5 1 
Total 1,565 21.5 100 ffi 14.1 100 
Std. error of the mean 395 1.7 8.6 2.3 
aCommon and scientific names are in appendix A. 
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Table 3. Soil types, estimated percentage of the area of stand occupied by each 
soil type, soil characteristic, and management concern for McNay 
Soil type Gara loam Armstrong loam 
% of stand 90% 10% 
Parent material Glacial till Glacial till 
Soil characteristics 
Penneabilitya mod. - slow slow 
Available water capacity b high high 
Surface layer organic 
matter content 2.5 - 3.5 % 2.5 - 3.5 % 
Sub-soil available phosphorus low very low 
Sub-soil available potassium very low very low 
Management Concerns 
Erosion hazard moderate slight 
Equipment limitations moderate slight 
Seedling mortality slight severe 
Windthrow hazard slight severe 
a The level of penneability is based on the most limiting characteristic within 
the first 152.4 cm of profile. 
b The level of available water capacity is based on the most limiting 
characteristic within the profile. 
Stephens Site 
Based on the initial tree inventory, the site index (base age = 50) for 
Stephens was 20 m (s = 6) ("s" = standard deviation) with an average stocking 
level of 19.2 sq. m./hectare (s = 1.4). Based on Gingrich (1971), the stand was 
75% stocked. After cutting out all non-oak trees greater than 2.54 cm dbh, the 
average stocking level was 15.9 sq. m./hectare (s = 1.7), a reduction of 15%. 
Before cutting, the Stephens stand had 578 trees per hectare (Sy = 118) 
with an average dbh of 18.7 cm (range from 10.2 cm to 61 cm). The stand was 
regenerating to: dogwood (2,236 seedlings/ha, Sy = 1,038), elm (1,235 
14 
seedlings/ha, Sy = 244), white oak (882 seedlings/ha, Sy = 183), red oak (530 
seedlings/ha, Sy = 183), hickory and black cherry (118 seedlings/ha, Sy = 37), 
and hackberry (59 seedlings/ha, Sy = 18.3) After cutting all non-oak greater 
than 2.54 cm dbh, the stand had 282 trees per hectare (Sy = 43) with an average 
dbh of 26.7 cm (range from 10.2 cm to 61 cm). Table 4 presents the major tree 
species on the Stephens, before and after cutting all non-oak trees 2.54 cm and 
greater dbh, by average dbh, average number of trees/ha, average basal area 
(sq. m/ha), and percent composition. Figure 3 presents a distribution of 
average number of treeslha by 5 cm diameter class for oak trees left on 
Stephens and non-oak trees that were removed from Stephens. Figure 4 
presents a distribution of average basal area (sq. mlha) by 5 cm diameter class 
for oak trees left on Stephens and non-oak trees that were removed from 
Stephens. 
Table 5 presents soil types, estimated percentage of the stand occupied by 
each soil type, soil characteristics, and management concern for Stephens. 
The soil information presented is based on an advance report of the soil survey 
that is in the process of being completed for Lucas county, Iowa. The last 
published soil survey for Lucas county, Iowa, was in 1960. 
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Table 4. Major tree species, before and after cutting all non-oak trees 2.54 em 
and greater in diameter at breast height (dbh), located at Stephens by 
average dbh, average number of trees/ha, average basal area (sq. 
mlha), and percent composition 
Before Cutting. 
Speciesa dbh Trees/ha BA % Comp dbh 
White Oak a:; 186 9.6 32 a:; 
Hickory 15 154 2.7 27 
Black Cherry 6 118 0.4 ID 
Red Oak ~ 96 6.3 17 ~ 
Elm 10 24 0.2 4 
Total 578 19.2 100 
Std. error of mean 118 1.4 
aCommon and scientific names are in appendix A. 
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Table 5. Soil types, estimated percentage of the stand occupied by each soil 
type, soil characteristics, and management concern for Stephens 
Soil type Welter silt Lindley Keswick 
loam loam loam 
% of stand 55% 35% 10% 
Parent material Loess Glacial till Glacial till 
Soil characteristics 
Permeability slow mod-slow slow 
Available water capacity high high moderate 
Surface layer organic 
matter content 2-3% 1.5 - 3.5 % 2- 3% 
Sub-soil available phosphorus medium low very low 
Sub-soil available potassium very low very low very low 
Management Concerns 
slight Erosion hazard moderate slight 
Equipment limitations slight moderate slight 
Seedling mortality severe slight slight 
Windthrow hazard severe slight moderate 
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MATERIALS AND METHODS 
Square blocks, 46 m on each side, were laid out in August, 1990 at both 
sites (Figure 5). Mter the blocks were laid out, ten blocks in each study area 
were randomly allocated to one of three whole-plot treatments: a) cut and 
remove all non-oak trees, b) spray the understory with herbicide before 
removing all non-oak trees, and c) no cutting or spraying (uncut). The sprayed 
blocks received a foliar application of glyphosate herbicide at a rate of 0.5 l/ha 
using a backpack sprayer, in August 1990. The herbicide was applied to kill 
material less than 2.5 cm in diameter at 1.4 m above the ground (dbh). Uncut 
blocks were left untreated to serve as controls. Twine and flagging were used 
to maintain boundaries of uncut (control) blocks during herbicide application 
and cutting. In the cutting treatment blocks, all non-oak trees greater than 2.5 
cm at 1.4 m (dbh) were cut during the winter of 1990-1991 using a chainsaw; 
the stumps of those trees were treated with picloram to prevent resprouting. 
The cut trees were removed from the site during the winter of 1990-1991 by 
hand carrying and dragging them to a chipper located on the site. The trees 
were chipped into a wagon and the chips were then hauled from the site. 
During the spring of 1991, one of four regeneration techniques: natural 
regeneration, seeding, underplanting undercut seedlings, and underplanting 
.seedlings that were not undercut were randomly assigned to each of four plots 
(15.2 x 15.2 m each) (Figure 6). These regeneration plots were established in 
each cut block (Figure 5) to compare regeneration techniques. The outer 7.6 m 
in each block was a buffer strip, had the same stand characteristics, and 
received the same whole-plot treatment as the block. 
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Cut & Cut 
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& Cut Uncut Cut Uncut 
Spray Spray 
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1 8 
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Figure 5. Block and whole-plot treatment layout for McNay and Stephens 
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In the spring of 1991, sub-plots were established in the natural 
regeneration technique areas in each cut block. Half of the natural 
regeneration technique area was disced and the other half was left 
undisturbed (Figure 6). A 30 horse power tractor and a 1.8 m, 3 point hitch 
disc was used to disc the site. 
Red oak acorns were collected during the fall of 1990 from the Des 
Moines River valley near Luther, Iowa and from Brookside park in Ames, 
Iowa. The red oak acorns that sank within the first ten minutes of being 
placed in water were stored for planting in the spring of 1991. The acorns were 
stored at approximately 2°C in loosely tied white plastic bags in a walk-in 
cooler. 
A sample of the red oak acorns from those collected for planting was 
used in germination tests done under greenhouse' conditions. Two tests were 
conducted in February, 1991, one for the seed from the Luther area and the 
other test for the seed from the Ames area. Plastic flats were filled with 2.5 cm 
of peat moss. One hundred seeds from each area were then placed in the flats 
and covered with 2.5 cm of peat moss. The flats were watered daily and were 
kept at approximately 23°C. The percent germination was based on the 
number of seedlings present at the end of the test. The test was considered 
over when no additional seedlings emerged for 10 days. 
Seeding sub-plots (Figure 6) were established, in the spring of 1991, by 
hand planting acorns with a Potpulki on one third of the seeding area, 
planting acorns with a 30 horse power tractor and Forester tree planter on one 
third of the seeding area, and hand scattering acorns over one third of the 
seeding area and discing that area with a 30 horse power tractor and a 1.8 m, 3 
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point hitch disc. In the hand planted area, 100 acorns were planted between 
1.5 cm and 4 cm deep in 4 rows at a spacing of 0.6 m between acorns and 0.9 m 
between rows. One acorn was planted per site and each site was marked with 
an orange flag. The planting sites were numbered (1-100) from west to east in 
each row, beginning in the northwest corner and ending in the southeast 
corner. In the area seeded with the Forester tree planter, 100 acorns were 
planted between 1.5 cm and 4 cm deep in 4 rows at a spacing of 0.6 m between 
acorns and 0.9 m between rows. Each row had 25 acorns planted per row, and 
the beginning and end of each row was marked with an orange flag. In the 
seed-disc area, 100 acorns were hand scattered over the area and then the area 
was disced. 
Spacing between acorns in the hand planted areas and the areas that 
were seeded with the Forester tree planter was based on the number of acorns 
in the row and the size of the plots. Spacing in the hand planted areas were 
maintained by the same person pacing the distance between the rows and 
between the seed and then marking the planting sites with orange flags before 
planting. In the areas seeded with the tree planter, spacing between the rows 
was maintained by the driver estimating the distance, while the spacing 
between acorns was maintained by the person on the tree planter estimating 
the distance. Sometimes, stumps and trees present on the sites affected acorn 
placement. 
In the seeded areas, seed germination was recorded at the end of the 
1991 growing season for each seed regeneration technique in order to 
determine a percent successful germination. Acorns were not physically 
checked to see if they had germinated, but if a seedling was present in the 
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planting site the seed was counted as germinated. In the seed-disced area, red 
oaks that had germinated in 1991 were marked with orange flags and any 
older red oak seedlings were marked with blue flags. Based on field 
observations in the hand planted and tree planter areas, any red oak seedlings 
less than 10.1 cm in height or 4 mm in diameter at ground-line in the natural 
regeneration undisturbed, natural regeneration disced, and seed disced areas 
were marked with an orange flag. If the seedlings were in the seed disced 
area, they were counted as one of the 100 acorns that were planted for the 
study. In the seed areas that were hand planted or planted with the Forester 
tree planter, seed that germinated in 1991 were marked with red flags. 
All 1-0 northern red oak seedlings used in this study were provided by 
the Department of Natural Resources state nursery in Ames, Iowa. The 
undercut seedlings were undercut at a depth of 12.7-15.24 cm in early August, 
1990. All seedlings were lifted in early April, 1991. 
Before underplanting, the undercut and not undercut seedlings were 
graded by the number of permanent, first-order, lateral roots greater than 1 
mm in basal diameter at the tap root. The seedlings were separated into the 
following root number classes: 0-5, 6-9, and 10 or more permanent, first-order, 
lateral roots greater than 1 mm. Permanent, first-order, lateral roots greater 
than 1 mm that originated from the callus wound area of undercut seedlings 
were also included in meeting the separation criteria. 
As the seedlings were being graded, they were assigned a color coded 
numbered tag. The tag provided a way to keep track of the seedling. The tags 
were placed loosely around the lower stem of the seedlings. Initial height of 
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each seedling was measured from the root collar to the tip of the terminal bud 
on the main leader and initial caliper was measured just above the root collar. 
In each area to be underplanted with northern red oak seedlings (Figure 
6), ten seedlings in each of the root number classes were hand planted using a 
two-person, gas-powered auger. The auger bit used was 20.5 em in diameter. 
The underplanted seedlings were planted in 3 rows, with 10 seedlings per row 
at a spacing of 1.2 m between seedlings and 3 m between rows. Each root 
number class was planted in a randomly assigned row. The spacing between 
rows and seedlings was based on the size of the area that was underplanted. 
To maintain the spacing between the rows and the seedlings, the same person 
paced the distance for all the seedlings. Sometimes, stumps and trees present 
on the sites affected seedling placement. 
Once the seedlings were underplanted, white tree shelters1 that were 
four feet tall were randomly assigned to the first five seedlings or the second 
five seedlings in each row. White tree shelters were chosen over the standard 
brown tree shelters to allow for the lower level of light in the understory. 
Brown shelters are used in plantings in the open where their is a higher level 
of light. The tree shelters were placed on the seedlings at the time of planting 
and were placed acc9rding to the directions provided with the tree shelters. 
Mil-acre plots (4.05 m2) were used to observe and compare different 
treatments. A mil-acre plot was established at 3.8, 7.6, and 11.4 m along a 
transect in the middle of each sub-plot and at 19.1, 22.9, and 26.7 m along a 
transect in the middle of the uncut blocks. The mil-acre plots coincide with the 
IThe brand of tree shelters used was Tubex. Tubex was chosen based on its 
availability and does not imply endorsement of this specific brand. 
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middle planting row in each underplanted seed and seedling treatment. The 
center of each mil-acre plot was permanently marked with a PVC stake. In 
each mil-acre plot the species, height, caliper at ground level of each stem less 
than 10 cm in diameter, and overstory basal area (live and dead) for oak and 
non-oak was recorded. The number of new competing seedlings and shrubs 
was determined by the number of seedlings and shrubs less than 10.1 cm in 
height or less than 4 mm in diameter at ground-line. The definition of a new 
competing seedling was based on field observations at the time of data 
collection. 
Statistical analyses were done using methods of least squares to fit 
general linear models (GLM) (SAS Institute Inc., 1988). The GLM procedure 
was used since most treatments have unequal cell size. 
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RESULTS 
The results presented are based on data collected on August 6-8, 
September 10-12, and September 24-26, 1991. The data covers first-growing 
season survival and height growth of northern red oak seedlings from planted 
acorns, planted 1-0 nursery stock seedlings, and natural regeneration. The 
results also included an analysis of the competition with which the red oak 
seedlings had to contend. Unless otherwise noted, the McNay and Stephens 
data were combined since statistical analysis showed that location was not 
significant. 
Seed Performance 
Germination 
Prior to planting in the field, a germination test was conducted under 
greenhouse conditions on the Luther and Ames seed lots. The percent 
germination for the Luther and Ames seedlots were 82% and 84%, 
respectively. 
The greatest percent successful germination (16.8%) at the end of the 
growing season (1991) occurred in the hand planted areas on McNay (Table 6). 
The difference in percent successful germination between the different seed 
regeneration techniques was statistically significant for McNay (Pr>F = .003) 
(Table 7), but was not statistically significant for Stephens (Pr>F = 0.29) (Table 
8). Spraying herbicide in the fall prior to planting in the spring was not 
statistically significant on successful seed germination for McNay (Pr>F = 
0.18) (Table 7) or Stephens (Pr>F = 0.55) (Table 8). 
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Table 6. Percent germination of northern red oak acorns by planting technique 
for McNay and Stephens 
Treatment Location Avg. germination Std. dev. Sample size 
Seed handplanted McNay 16.8% 9.58 6 
Tree planter seed McNay 6.0% 3.06 7 
Seed disced McNay 0.83% 0.41 6 
Seed handplanted Stephens 5.4% 4.24 7 
Tree planter seed Stephens 5.0% 3.37 4 
Seed disced Stephens 2.0% 2.83 7 
Table 7. ANOVA of northern red oak acorn germination for McNay. 
Treatment refers to hand planted seed, seed planted with the 
Forester tree planter, and seed disced area. 
Source df ss ms F Pr>F 
spray 1 72.39 72.39 2.38 0.18 
blk(spray) 5 151.83 30.36 
treatment 2 628.89 314.44 13.39 0.0028 
treatment*spray 2 86.72 43.36 1.85 0.22 
treatment*blk(spray) 8 187.83 23.47 
Table 8. ANOVA of northern red oak acorn germination for Stephens. 
Treatment refers to hand planted seed, seed planted with the Forester 
tree planter, and seed disced area. 
Source df ss ms F Pr>F 
spray 1 4.01 4.01 0.41 0.55 
blk(spray) 5 49.26 9.85 
treatment 2 48.25 24.13 1.54 0.29 
treatment*spray 2 23.83 11.91 0.76 0.50 
treatment*blk(spray) 7 109.49 15.64 
H~ig:ht g:rowth 
The regeneration techniques used to establish northern red oak 
seedlings from acorns on McNay and Stephens seemed to have little affect on 
the average height (Table 9) of the red oak seedlings at the end of the first 
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growing season (1991) (Pr>F = 0.29 for McNay and Pr>F = 19 for Stephens) 
(Table 10 and 11). There were no red oak seedlings found in any of the natural 
regeneration undisturbed or natural regeneration disced treatment sub-plots 
on McNay. Spraying herbicide in the fall prior to planting in the spring had 
little effect on average height of red oak seedlings from acorns on McNay (Pr>F 
= 0.97) or Stephens (Pr>F = 0.75) (Table 10 and 11). 
Table 9. Average height growth (cm) of northern red oak seedlings from seed 
by regeneration technique for McNay and Stephens 
Regeneration technique 
Tree planter seed 
Seed handplanted 
Seed disced 
Nat. regen.undisturbed 
Nat. regen. disced 
Seed handplanted 
Tree planter seed 
Seed disced 
Location 
McNay 
McNay 
McNay 
Stephens 
Stephens 
Stephens 
Stephens 
Stephens 
Avg. ht. growth 
11.72 cm 
11.0cm 
9.2 cm 
16.4 cm 
12.6 cm 
12.41 cm 
11.50 cm 
9.64 cm 
Std. dey. 
4.34 
2.12 
2.08 
4.64 
10.69 
3.24 
1.25 
1.96 
Sample size 
7 
6 
6 
4 
3 
7 
5 
3 
Table 10. ANOVA of average height of northern red oak seedlings from seed 
for McNay. Treatment refers to hand planted seed, seed planted 
with the Forester tree planter, and seed disced area. 
Source df ss ms F Pr>F 
spray 1 0.028 0.028 0.00 0.97 
blk(spray) 5 80.76 16.15 
treatment 2 31.16 15.58 1.42 0.29 
treatment* spray 2 55.00 27.50 2.51 0.14 
treatment*blk(spray) . 8 87.59 10.95 
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Table 11. ANOV A of average height of northern red oak seedlings from seed 
for Stephens. Treatment refers to natural regeneration 
undisturbed, natural regeneration disced, hand planted seed, seed 
planted with the Forester tree planter, and seed disced area. 
Source df ss ms F Pr>F 
spray 1 3.99 3.99 0.10 0.75 
blk(spray) 6 229.53 38.26 
treatment 4 83.52 20.88 2.10 0.19 
treatment*spray 4 143.35 35.84 3.60 0.07 
treatment*blk(spray) 6 59.70 9.95 
Underplanted Seedling Performance 
Survival 
The best seedling survival at the end of the first-growing season (1991) 
was 95% for seedlings with 10 or more first-order, lateral roots, greater than 1 
mm, protected by tree shelters. The lowest percent survival was 78% for 
seedlings with 0-4 first-order, lateral roots, greater than 1 mm, planted 
without tree shelters (Table 12) (Pr>F = 0.07) (Table 14). Seedlings protected by 
tree shelters had an average of 93% survival compared to 86% survival of 
seedlings without tree shelters (Table 13) (Pr>F = 0.006) (Table 14). Whether or 
not seedlings were undercut (Pr>F = 0.81) and whether or not the area was 
sprayed (Pr>F = 0.37) before planting did not make a statistically significant 
difference in survival (Table 14). 
Initial height 
Table 15 presents the average initial2 seedling heights for seedlings that 
were undercut and seedlings that were not undercut in the nursery. Initial 
2Height of seedling from the top of the root collar to the top of the terminal bud 
shortly after lifting and before planting. 
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Table 12. Percent survival of underplanted 1-0 northern red oak seedlings by 
root class with and without tree shelters 
Root Class 
0-4 
0-4 
5-9 
5-9 
10 or more 
10 or more 
Tree shelters 
tree shelters 
no tree shelters 
tree shelters 
no tree shelters 
tree shelters 
no tree shelters 
Survival(%) 
92 
78 
00 
00 
ffi 
00 
Std. dev. 
Z3 
J7 
26 
25 
21 
26 
Sample size 
89 
95 
92 
98 
97 
98 
Table 13. Percent survival of underplanted 1-0 northern red oak seedlings with 
and without tree shelters 
Tree shelters 
tree shelters 
no tree shelters 
Survival (%) 
93 
86 
Standard deviation 
Z3 
31 
Sample size 
278 
291 
Table 14. ANOVA of survival of 1-0 northern red oak seedlings underplanted 
at McNay and Stephens. Trt refers to undercutting and root refers to 
root class (0-4, 5-9, and 10 or more permanent, first-order, lat. roots 
greater than 1 mm) 
Source df ss ms F Pr>F 
spray 1 0.24 0.24 0.87 0.37 
blk(loc spray) 13 3.65 0.28 
trt 1 0.0037 0.0037 0.06 0.81 
trt*spray 1 0.017 0.017 0.26 0.62 
trt*blk(loc spray) 13 0.86 0.06 
root 2 0.45 0.22 2.67 0.07 
root*spray 2 0.06 0.03 0.38 0.68 
root*trt 2 0.34 0.17 2.03 0.14 
root*trt*spray 2 0.103 0.051 0.62 0.54 
root*trt*blk(loc spray) 52 4.37 0.08 
shelter 1 0.51 0.51 7.79 0.006 
shel ter*spray 1 0.068 0.068 1.03 0.31 
shel ter*trt 1 0.002 0.002 0.04 0.84 
shel ter*trt*spray 1 0.25 0.25 3.75 0.05 
shelter*root 2 0.41 0.21 3.07 0.05 
shelter*root* spray 2 0.009 0.005 0.07 0.94 
shelter*root*trt*spray 4 0.26 0.06 0.96 0.43 
error 467 31.097 0.07 
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seedling heights, prior to planting, were statistically different between 
seedlings that were undercut and not undercut in the nursery (Pr>F = 0.0004) 
(Table 16). 
Height growth 
The greatest average height growth (7.5 cm) (Table 17) occurred 
among seedlings with 10 or more first-order, lateral roots greater than 1 mm 
(Pr>F = 0.0001) (Table 20). There appears to be an interaction between the 
number of permanent, first-order, lateral roots greater than 1 mm and 
undercutting (Table 18) (Pr>F = 0.01) (Table 20). Average height growth 
increased for seedlings that were not undercut and had 5 or more permanent, 
first-order, lateral roots when compared to seedlings that were undercut. The 
interaction was just the opposite for seedlings with 0-4 permanent, first-order, 
lateral roots (Table 18) (Pr>F = 0.01) (Table 20). Average height growth was 
Table 15. Average initial seedling heights, prior to underplanting, for 1-0 
northern red oak seedlings that were undercut and were not 
undercut in the nursery 
Initial height Std. dev. Sample size 
Not undercut 
Undercut 
24.1 cm 
18.9 cm 
2.6 
2.1 
15 
15 
Table 16. ANOVA of the average initial seedling heights, prior to 
underplanting, for 1-0 northern red oak seedlings that were 
undercut and were not undercut in the nursery 
Source df ss ms F 
spray 1 4.99 4.99 2.42 
blk(loc spray) 13 26.87 2.07 
treatment 1 207.27 207.27 21.89 
tre atnaent* spray 1 0.68 0.68 0.07 
treatnaent*blk(loc spray) 13 123.17 9.47 
Pr>F 
0.14 
0.00043 
0.795 
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also greatest among seedlings protected by tree shelters (Table 19) (Pr>F = 
0.0001) (Table 20). Seedlings protected within tree shelters averaged 6.4 cm in 
height growth compared to seedlings without tree shelters, which averaged 2.8 
cm of height growth. Whether or not the area was sprayed before planting 
(Pr>F = 0.17) did not make a statistically significant difference in average 
height growth (Table 20). 
Competition 
Competition is an important factor in the success or failure of red oak 
seedling establishment. Three components that make up competition are 
number of competing tree seedlings and shrubs of other species, height of 
competing tree seedlings and shrubs of other species, and impact of the 
overstory (Kolb and Steiner 1989, Myers et al. 1989, and Kolb et aI. 1989). 
Table 17. Average height growth (cm) for each root class of under planted 1-0 
northern red oak seedlings 
Root Class 
0-4 
5-9 
10 or more 
Average ht. growth (cm) 
1.6 
4.4 
7.5 
Std. dev. 
10.1 
10.8 
9.8 
Sample size 
184 
100 
195 
Table 18. Average height growth (cm) for each root class of 1-0 northern red 
oak seedlings that had been undercut and not undercut in the 
nursery 
Root Class Undercut Av~. ht. growth Std. dev. Sample size 
0-4 not undercut 0.3 cm 12.5 94 
0-4 undercut 2.9 cm 6.7 00 
5-9 not undercut 5.1 cm 12.1 101 
5-9 undercut 3.6 cm 9.2 89 
10 or more not undercut 9.2 cm 8.9 94 
10 or more undercut 6.0 cm 10.4 101 
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Table 19. Average height growth (cm) for underplanted 1-0 northern red oak 
seedlings with and without tree shelters 
Tree shelters 
tree shelters 
no tree shelters 
Avg. ht. growth 
6.4 cm 
2.8 cm 
Std. dev. 
10.7 
10.1 
Sample size 
278 
291 
Table 20. ANOVA of average height of 1-0 northern red oak seedlings 
underplanted at McNay and Stephens. Treatment refers to 
undercutting and root refers to root class (0-4, 5-9, and 10 or more 
permanent first-order lateral roots greater than 1 mm) 
Source df ss ms F Pr>F 
spray 1 584.42 584.42 2.14 0.17 
blk(loc spray) 13 3,393.5 261.04 
treatment 1 163.52 163.52 1.83 0.20 
treatment*spray 1 36.49 36.49 0.41 0.53 
treatment*blk(loc spray) 13 894.09 68.78 
root 2 3,002.81 1,501.41 15.40 0.0001 
root*spray 2 387.01 193.51 1.99 0.15 
root*trt 2 937.69 468.85 4.81 0.01 
root*trt*spray 2 180.29 90.15 0.92 0.40 
root*trt*blk(loc spray) 52 5,282.49 101.59 
shelter 1 1,716.04 1,716.04 17.59 0.0001 
shel ter* spray 1 159.47 159.47 1.63 0.20 
shelter*trt 1 130.67 130.67 1.34 0.25 
shelter*trt*spray 1 98.84 98.84 1.01 0.31 
shelter*root 2 36.93 18.47 0.19 0.83 
shelter*root*spray 2 154.24 77.12 0.79 0.45 
shel ter*root*trt*spray 4 198.06 49.52 0.51 0.73 
error 467 45,560.7 97.56 
Number of competing seedlings 
The average total number of competing seedlings and shrubs by 
regeneration technique at the end of the establishment year (1991) are 
presented in Table 21. There was no significant difference in the number of 
competing tree seedlings and shrubs by regeneration technique for the first 
growing season (Pr>F = 0.21) (Table 22). 
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Table 21. The number of competing seedlings and shrubslha for each 
regeneration technique 
Regeneration technique No. of competing Std. dev. Sample size 
shrubs & seedlingslha 
uncut (control) 4,900 2,800 15 
nat. regen. undisturbed 7,100 3,200 15 
nat. regen. disced 6,000 4,200 12 
seed disced 5,300 3,100 13 
seed planter 5,100 2,800 11 
not undercut seedlings 6,300 2,800 15 
undercut seedlings 6,900 3,600 15 
seed hand Elanted 6,300 3,000 13 
Table 22. ANa VA of number of competing seedlings and shrubs for McNay 
and Stephens. Treatment refers to uncut, hand planted seed, seed 
planted with the Forester tree planter, natural regeneration 
undisturbed, natural regeneration disced, seed disced, and 
undercut and not undercut seedlings planted with an auger 
Source df ss ms F Pr>F 
spray 1 1,463.6 x 106 1,463.6 x 106 13.51 0.0028 
blk(loc spray) 13 1,408.2 x 106 108.3 x 106 
treatment 6 330.0 x 1064 55.0x 106 1.43 0.21 
treatment*spray 6 137.4 x 106 22.9x 106 0.59 0.7335 
treatment*blk(loc sEray) 01 2,579.8 x 106 38.5 x 106 
The total number of competing seedlings and shrubs is just one factor 
that is important when looking at the number of competing tree seedlings and 
shrubs. The number of new competing tree seedlings and shrubs is also 
important since the regeneration techniques may stimulate new competition. 
The average number of new competing tree seedlings and shrubs by 
regeneration technique at the end of the establishment year (1991) are 
presented in Table 23. Comparing the number of new competing seedlings 
and shrubs for each regeneration technique indicate that none of the 
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regeneration techniques stimulated a large increase in the number of new, 
competing tree seedlings and shrubs (Pr>F = 0.50) (Table 24). 
The average number of competing seedlings and shrubs at the end of the 
establishment year (1991) for the unsprayed areas was 7,800lha (s = 3,000lha) 
(n = 48) and for sprayed areas was 4,500lha (s = 2,500lha) (n = 46). Spraying the 
area in the fall (1990) before planting in the spring (1991) reduced the 
competition by 42 percent (3,300 seedlings and shrubslha) (Pr>F = 0.0028) 
(Table 22). The average number of new competing seedlings and shrubs at the 
end of the establishment year (1991) for the unsprayed areas was 1,573lha (s = 
Table 23. The number of new competing seedlings and shrubslha for each 
regeneration technique 
Regeneration technique No. of new competing Std. dev. Sample size 
shrubs & seedling:slha 
not undercut seedlings 4,244 5,840 15 
nat. regen. disced 4,222 9,139 12 
nat. regen. undisturbed 3,111 5,780 15 
undercut seedlings 2,956 2,973 15 
seed planter 2,727 2,180 11 
seed disced 2,692 4,460 13 
seed hand planted 1,923 1,847 13 
Table 24. ANaVA of the number of new competing seedlings and shrubs for 
McNay and Stephens. Treatment refers to uncut, hand planted 
seed, seed planted with the Forester tree planter, natural 
regeneration undisturbed, natural regeneration disced, seed disced, 
and undercut and not undercut seedlings planted with an auger. 
Source df ss ms F Pr>F 
spray 1 38.0 x 106 38.0 x 106 0.37 0.56 
blk(loc spray) 13 1,351.2 x 106 103.9 x 106 
treatment 6 68.1 x 106 11.3 x 106 0.90 0.50 
treatment*spray 6 63.3 x 106 10.6 x 106 0.83 0.55 
treatment*blk(loc spray) m 847.0 x 106 12.6 x 106 
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2,647/ha) (n = 48) and for sprayed areas was 956/ha (s = 1,055/ha) (n = 46). 
Spraying prior to planting did not create conditions for regeneration of 
competing seedlings and shrubs, since the number of seedlings and shrubs 
less than 10.1 cm in height or 4 mm in diameter at ground-line did not 
increase significantly (Pr>F = 0.56) (Table 24). 
Height of competing seedlings and shrubs 
Comparisons were made of average seedling height between the red oak 
seedlings in the different regeneration techniques and the competition in each 
regeneration technique (Table 25 and 26). These comparisons were made for 
the following regeneration techniques: uncut, natural regeneration 
undisturbed, natural regeneration disced, seed disc ed, seed planted with a tree 
planter, seed hand planted, seedlings that were not undercut, and undercut 
seedlings. All regeneration techniques had competing seedlings and shrubs 
with an average height at the end of the growing season greater than red oak 
seedlings established during the first year. The treatments had very little 
effect on the average height of the competing seedlings and shrubs (Pr>F = 
0.56) (Table 27). 
Overstory impact 
To analyze the impact of overstory density on seedling growth, linear 
regression was used to test the impact of average basal area on percent 
survival and average height growth (Figures 7 and 8). Seedlings protected by 
tree shelters were chosen, because they performed the best in survival and 
height growth. The tests indicated that overstory density had no major impact 
on growth or survival. 
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Table 25. Comparison of average competing seedling heights with northern 
red oak seedling heights for uncut (control), natural regeneration 
undisturbed (NRU), natural regeneration disced (NRD), seed disced 
(SD), seed planted with a tree planter (SP), and hand planted seed 
(SH) 
Technique Competition (avg. ht.) (em) Red oak from seed (avg. ht.) (em) 
Uncut 
NRU 
NRD 
SD 
SP 
SH 
73 (s = 106) (n = 183) 
45 (s = 46) (n = 792) 
30 (s = 51) (n = 534) 
37 (s = 37) (n = 509) 
36 (s = 39) (n = 413) 
44 (s = 58) (n = 605) 
12 (s = 4)(n = 15) 
12 (s = 4)(n = 15) 
9 (s = 2)(n = 12) 
9 (s = 2)(n = 11) 
12 (s = 4)(n = 10) 
12 (s = 4)(n = 13) 
Table 26. Comparison of average competing seedling heights with red oak 
seedling heights for uncut (control), for each root class of 1-0 
northern red oak seedlings not undercut (SG), and 1-0 northern red 
oak seedlings undercut (UP) 
Technique 
SG 
UP 
Uncut 
Competition 
avg.' ht. (em) 
42 
(s = 59) 
(n = 707) 
41 
(s = 46) 
(n = 772) 
73 
(s = 106) 
(n = 183) 
1-0 northern red oak root class 
.0-4 5-9 10 or more 
avg. ht. (em) avg. ht. (em) avg. ht. (cm) 
22 26 39 
(s = 16) (s = 14) (s = 10) 
(n = 94) (n = 101) (n = 94) 
21 22 26 
(s = 27) (s = 9) (s = 11) 
(n = 90) (n = 89) (n = 101) 
. Table 27. ANOV A of the average height of competing seedlings and shrubs for 
McNay and Stephens. Treatment refers to uncut, hand planted 
seed, seed planted with the Forester tree planter, natural 
regeneration undisturbed, natural regeneration disced, seed disced, 
and undercut and not undercut seedlings planted with an auger. 
Source df ss ms F Pr>F 
spray 1 32,445.90 32,445.90 0.96 0.34 
blk(loc spray) 17 577,490.39 33,970.02 
treatment 6 37,788.45 6,298.07 0.81 0.56 
treatment*spray 6 68,940.05 11,490.01 1.48 0.20 
treatment*blk(loc spray) m 518,919.06 7,745.06 
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Figure 7. Percent survival of 1-0 northern red oak seedlings protected by tree 
shelters by average basal area. Percent survival = 90.94 + 0.19 
(average basal area); r2 = 0.042 
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Figure 8. Height growth for 1-0 northern red oak seedlings protected by tree 
shelters by average basal area. Height growth = 4.04 + 0.09 (average 
basal area); r2 = 0.003 
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DISCUSSION 
The graphs presented throughout the discussion are based on data 
presented in the results section. The graphs are presented to graphically 
illustrate specific points presented in the discussion. 
Seed Performance 
Prior to planting at McNay and Stephens, percent germinations for two 
different seedlots were determined by germination tests conducted under 
greenhouse conditions. If growing and planting conditions were optimal in 
the field, the field percent successful germination, ranging from 1% to 17% 
based on planting techniques (Figure 9), should have been closer to the 
greenhouse germinations of 82% and 84%. Therefore the hypothesis "The 
successful germination percentage of red oak seed collected from Luther and 
Ames, Iowa, stored at approximately 2°C, and used for direct seeding in the 
field will be equal to or greater than the successful germination percentage in 
the greenhouse" was not supported by this study. Kolb et al. (1989) has shown 
that percent successful germination of northern red oak in the field can be as 
high or higher than northern red oak germination success obtained in the 
greenhouse. Kolb et al. (1989) obtained an 84% average germination for 
northern red oak in the field compared to 70% average germination in the 
greenhouse. In the current study, predation most likely caused the low 
percent germination in the field. 
The hypothesis "Planting acorns by hand results in a higher 
germination percentage in the field than scattering seed and discing or using 
the Forester tree planter to plant seed" was supported by the results on McNay, 
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but not Stephens. The best percent successful germination for northern red 
oak acorns in this study was from hand planted acorns. Hand planting had 
the best control over planting depth compared to scattering seed and discing, 
or using a tree planter to plant the seed. The difficulties with scattering seed 
and discing or planting seed with the tree planter were the equipment and the 
size of the treatment areas. In many of the seed disced areas it was difficult to 
obtain good scarification of the ground, because it was difficult to maneuver 
the tractor and disc around the stumps and trees that were present in the 
areas. The short plots for planting seed with the tree planter and the amount 
of stumps and trees still present made it difficult to maintain proper planting 
depth and spacing. 
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Figure 9. Percent successful germination by planting technique for McNay 
and Stephens. The planting techniques are SH = seed handplanted, 
SP = seed planted with a Forester tree planter, and SD = seed 
scattered and disced 
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Differences in percent successful germination among the plots may 
have been affected by the amount of predation, site preparation, and the size of 
the plots planted. The small plot size limited the amount of acorns that could 
be planted and still maintain the spacing between seedlings. The small 
amount of acorns that were planted were probably easily consumed by 
predators, which would lower the percent germination. Gysel (1957) and 
Marquis et al. (1976) have shown that high predation of oak is related to the 
palatability of acorns to many wildlife species. Johnson (1981) has shown that 
sowing acorns in the understory or in openings less than 1I25-ha will probably 
fail due to the high amount of predation. The high amount of predation is 
related to the amount of surrounding vegetation that provides protection for the 
predators of the acorns from their predators. A larger plot size free of all 
vegetation and with a greater number of acorns planted could provide a better 
chance at establishing northern red oak. 
The hypothesis "The average height of natural and underplanted 
northern red oak seedlings from acorns established during the first growing 
season will be greater than the height of competing vegetation" was not 
supported by this study. Results have shown that regardless of the technique 
used to establish northern red oak seed on McNay or Stephens, the average 
height of the red oak seedlings at the end of the first growing season was less 
than the height of competing seedlings (Figure 10 and 11). There were no new 
red oak seedlings in the natural regeneration undisturbed and natural 
regeneration disced plots on McNay because of the lack of red oak overstory on 
McNay. The inability of the red oak seedlings from acorns to compete in height 
with competing seedlings and shrubs is probably because of the stress brought 
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on by competition and the lack of moisture during the growing season. When 
red oak seedlings are under stress they allocate photosynthesis in excess of 
respiration to root development. Dickson (1991) states that under adverse 
conditions, such as the conditions caused by competition and drought, 
photosynthate in excess of respiration is allocated to root growth and storage; 
flushing or top growth stops . 
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Figure 10. Comparison of average competing seedling heights with northern 
red oak seedling heights for acorns planted with a tree planter 
(SP), hand planted seed (SH), and seed disced (SD) on McNay 
Underplanted Seedling Performance 
The hypothesis "Height growth and survival of underplanted, 1-0 red 
oak seedlings are increased by using tree shelters." is supported by this study. 
Results have shown that seedlings protected by tree shelters did better in 
height growth (Figure 12) and survival (Figure 13) than seedlings not protected 
by tree shelters. The greater height growth and survival was expected, 
because of the micro-environment created by and the protection provided by the 
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Figure 11. Comparison of average competing seedling heights with northern 
red oak seedling heights for natural regeneration undisturbed 
(NRU), natural regeneration disced (NRD), acorns planted with a 
tree planter (SP), hand planted seed (SH), and seed disced (SD) on 
Stephens 
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Figure 12. Average height growth (cm) for underplanted 1-0 northern red oak 
seedlings with and without tree shelters 
tree shelters. Tuley (1985), Potter (1991), Teclaw and Isebrands (1991), and 
Minter et al. (1992) have shown that better height growth and survival are 
related to the micro-environment and the protection provided by tree shelters. 
The response in growth and survival of underplanted northern red 
oak seedlings the first year after planting may be related to the treatment the 
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Figure 13. Percent survival for underplanted 1-0 northern red oak seedlings 
with and without tree shelters 
seedlings received in the nursery. Studies by Schultz and Thompson (1990) 
have shown that growth and survival of northern red oak seedlings are 
strongly correlated to the number of permanent, first-order, lateral roots that 
seedlings develop in the nursery. 
The hypothesis "Increased survival and height growth of underplanted, 
1-0 red oak nursery stock is positively correlated with increased numbers of 
permanent, first-order, lateral roots greater than 1 mm in diameter" is 
supported by this study. Results have shown that survival, at Pr>F = 0.07, and 
height growth, at Pr>F = 0.001, of northern red oak seedlings with 10 or more 
first-order, lateral roots out perform seedlings with 5-9 first-order, lateral roots 
and seedlings with 0-4 first-order, lateral roots (Figure 14 and 15). Schultz and 
Thompson (1991) have shown that seedlings with 6 or more permanent, first-
order, lateral roots generally have greater survival and better height growth 
than those with fewer permanent, first-order, laterals. This performance is 
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Figure 14. Average height growth (em) for underplanted 1-0 northern red oak 
seedlings by root class. Root class is based on the number of 
permanent, first-order, lateral roots greater than 1 mm 
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Figure 15. Percent survival for underplanted 1-0 northern red oak seedlings by 
root class. Root class is based on the number of permanent, first-
order, lateral roots greater than 1 mm 
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expected because of the size of the root system. The larger the root system the 
better the seedlings perform. Struve (1990) indicates that the number of first-
order, lateral roots are important, as these roots form the basic framework for 
the new root network. The greater the number of permanent, first-order, 
lateral roots, the greater the potential for growth. 
Undercut seedlings tend to grow less in height than seedlings that were 
not undercut, especially seedlings with a larger number of first order lateral 
roots. This is opposite of what would be expected, but may result from the 
undercut seedlings being 21.6% smaller in initial height then seedlings that 
were not undercut. The difference in average height growth between the 
undercut and not undercut seedlings may be due to the difference in 
photosynthate allocation while the seedlings were in the nursery. 
Undercutting seedlings in the nursery, probably stimulated them to put 
photosynthate in excess of respiration into new root production; thereby 
reducing top growth and the bud component for the next year (i.e., 
establishment year, 1991). Since oak is a fixed grower (growth is set in the 
bud), the seedlings that were not undercut would have a larger potential for top 
growth the first growing season in the field when compared to seedlings that 
were undercut. 
Competition 
The purpose of herbicide application is to reduce the density of 
competition so that growth of desirable species is accelerated (Young, 1982). 
The hypothesis "Herbicide application reduces the amount of vegetation 
competing with red oak regeneration." is supported by this study. Spraying 
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the area with a herbicide before planting reduced the number of seedlings and 
shrubs competing with red oak regeneration by 42% (Figure 16), but did not 
accelerate growth of the underplanted red oak seedlings or seedlings from 
planted acorns in the sprayed areas compared to the unsprayed areas. The 
lack of accelerated growth response in the underplanted seedlings was not 
surprising since northern red oak is a fixed grower. Under less than favorable 
conditions caused by overstory and understory competition, lack of rain fall, 
and transplant shock, red oak will stop top growth and allocate photosynthate 
to root growth and storage (Dickson, 1991). 
not sprayed sprayed 
Spray 
Figure 16. Number of competing seedlings and shrubs per hectare for the 
sprayed and unsprayed areas 
The hypothesis "The average height of underplanted 1-0 northern red 
oak seedlings established during the first growing season will be less than the 
height of competing vegetation" is supported by this study. The only red oak 
seedlings that were close in average height to the competition at the end of the 
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establishment year were underplanted red oak seedlings that were not 
undercut and had 10 or more first-order, lateral roots at the time of planting 
(Figure 17). 
The number of competing seedlings and overs tory density had little 
effect in establishing northern red oak regeneration the first growing season. 
The hypothesis "Site scarification increases the number of competing 
seedlingslhectare" could not be supported by this study. Results from the first 
season has shown that site scarification has not increased the number of 
competing seedlingslhectare. It was expected, that scarification would 
increase the number of competing seedlingslhectare because of the improved 
seed bed. 
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Figure 17. Comparison of average competing seedling height with 
underplanted 1-0 northern red oak seedling height for root classes 
that were undercut or not undercut in the nursery 
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The hypothesis "Removing non-oak 2.5 em and greater in diameter at 
breast height opens stan:ds enough to promote growth and development of 
natural or underplanted red oak" could not be supported by this study. 
Removing non-oak 2.5 em and greater in diameter at breast height did not 
promote growth and development of natural or underplanted northern red oak 
regeneration the first growing season. It was hoped, that an optimal stand 
density could be found that would promote the development and growth of 
natural and artificial northern red oak regeneration. 
Economic Perspective 
This study provides biological reasons for using tree shelters by showing 
that tree shelters promote survival and height growth of seedlings protected by 
tree shelters. Defending tree shelters based on economics may not be as easy, 
since the initial estimated cost associated with tree shelters is so great. 
Under current management guidelines for establishing red oak 
regeneration, tree shelters may not be economically feasible. It is possible to 
establish natural red oak regeneration in 10 to 20 years with proper 
management under current guidelines (Sander, 1977). Current guidelines 
recommend doing timber stand improvement (TSI) 20 years prior to the end of 
the rotation, in order to establish natural red oak regeneration. If one is to do 
TSI. at an estimated cost of $247 .10/ha (Forestry Extension, Ames, IA) 20 years 
prior to the end of the rotation, the TSI at a 4% real interest rate would cost 
$541.43/ha at the end of the rotation. The TSI cost in 20 years is still less than 
the estimated $850/ha (i.e., $20/100 seedlings, DNR State Nursery, Ames, IA; 
$20/100 seedlings to plant, Forestry Extension; $2.94/tree shelter and stake, 
Greene Co. Conservation Board, Greene Co., IA; and $10lhr to place tree 
48 
shelters, Forestry Extension, Ames, IA) it would cost to plant 247 seedlings/ha 
and protect them with tree shelters. Under these assumptions, one would 
minimize the cost of establishing red oak regeneration by doing TSI and not 
using tree shelters. 
If natural red oak regeneration could not be established and artificial 
red oak regeneration is to be established, tree shelters still may not be 
economically feasible. Under current guidelines, artificial regeneration may 
be established in as little as 10 years (Sander, 1977). Current guidelines 
recommend underplanting 1,200 red oak seedlings/ha 10 years prior to the end 
of a rotation to establish a red oak stand (Sander, 1977). If one was to 
underplant 1,200 red oak seedlings at an estimated cost of $480/ha (i. e., $20/100 
seedlings, DNR State Nursery, Ames, IA; $20/100 seedlings to plant, Forestry 
Extension) 10 years prior to the end of the rotation, at the end of the rotation the 
underplanting cost at a 4% real interest rate would be $710.52/ha. The 
underplanting cost in 10 years is still less than the $850/ha it is estimated to 
cost to establish 247 seedlings/ha by underplanting and using tree shelters. 
Under these assumptions, one would minimize the cost of establishing red oak 
regeneration by underplanting 1,200 red oak seedlings/ha and not using tree 
shelters. 
To economically justify the use of tree shelters to establish a stand, the 
tree shelters would have to increase the value of the stand by an estimated 
$19,592/ha in additional revenue that could not otherwise be obtained at the end 
of an 80 year rotation. This additional revenue is needed just to cover the 
estimated $850/ha cost of planting or underplanting and using tree shelters to 
the end of an 80 year rotation at a 4% real interest rate. This increase in stand 
49 
value would have to come from an increase in the quality of trees removed (e.g. 
from sawlog to veneer) or tree shelters would have to be the only way to 
establish the stand. An increase in quality of sawlogs or an increase in quality 
from sawlog to veneer does not seem reasonable since tree shelters can only 
produce up to 1.52 m of clear stem. This 1.52 m of clear stem would probably be 
produced naturally by trees within a stand. The only way for a stand to 
generate an additional revenue of $19,592lha that otherwise could not be 
obtained, is if tree shelters are the only way to establish an oak stand and the 
oak stand is valued at more than $19,594lha more than the other species in the 
stand could generate. 
Based on these assumptions, the use of tree shelters is not very 
competitive with the use of sound management practices. As a high cost 
alternative, tree shelters may be recommended in an effort to establish red oak 
stands where browsing is so heavy that the use of tree shelters is the only 
method of establishing oak regeneration. But, in the heavy browse situation, 
the use of tree shelters is such a high cost alternative, that converting the 
stand to another species may very well be economically superior to the use of 
tree shelters. 
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CONCLUSION 
Data from more than one year will be needed to prescribe suitable 
methods for regenerating northern red oak in forest communities. However, 
data from the first-year of this study has shown some promising results that 
need further testing to develop suitable methods for regenerating northern red 
oak in south central Iowa. 
If underplanting acorns is to be successful, then something will have to 
be done to control predation and to increase the growth of the seedlings from 
acorns. Possible solutions would be to saturate openings greater than 0.04 ha 
with vast amounts of acorns and control the competition. 
Protection by tree shelters and the number of lateral roots greater than 1 
mm seem to be important factors in the survival and height growth of 
underplanted northern red oak seedlings. Survival and height growth of 
underplanted, 1-0 northern red oak nursery stock increased with increased 
numbers of permanent, first-order, lateral roots greater than 1 mm in 
diameter. Trends in survival and height growth indicate that seedlings with 
10 or more first-order, lateral roots might be the most successful in 
underplanting situations, compared to seedlings with fewer first-order, lateral 
roots. Underplanted seedlings protected by tree shelters performed better in 
height growth and survival than seedlings not protected by tree shelters. The 
seedlings in tree shelters are expected to continue this performance in height 
growth and surVival until they have grown out the top of the shelter. Based on 
first-year data, underplanting seedlings with large numbers of first-order, 
lateral roots may be a viable solution to establishing northern red oak 
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regeneration. However, in many situations tree shelters can only be 
recommended as a high cost alternative for trying to establish a red oak stand 
under conditions of extremely heavy browsing. 
Results from the study shows that a foliar application of glyphosate 
herbicide reduced the amount of vegetation competing with northern red oak 
regeneration. Greater survival and better growth is expected to be related to 
reduction in competition. If greater survival and better growth are sustained 
for a significant time, then spraying the area may be an important part in 
establishing red oak regeneration. 
Data from more than one year will be needed to prescribe suitable 
methods for regenerating northern red oak. However, data from the first-year 
of this study and studies conducted by other researchers indicate that planting 
northern red oak seedlings with 5 or more first-order, lateral roots, greater 
than 1 mm (Schultz and Thompson, 1991) improve the chances of successfully 
establishing red oak regeneration. 
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APPENDIX A: SCIENTIFIC AND COMMON NAMES OF TREES 
AND SHRUBS 
Scientific Names 
Carya species 
Celtis occidentalis L. 
Cornus species 
Gleditsia triacanthos L. 
Juglans nigra L. 
Maclura pomifera (Raf.) Schneid. 
Ostrya virginiana (Mill.) K. Koch 
Prunus serottina Ehrh. 
Quercus alba L. 
Quercus rubra L. 
Ulmus species 
Zanthoxylum americanum Mill. 
Common Names 
Hickory 
Hackberry 
Dogwood 
Honey locust 
Black walnut 
Osage orange 
Ironwood 
Black cherry 
White oak 
Red oak 
Elm 
Prickley ash 
